for the COMPLY Investigators Background-Complement activation mediates myocardial damage that occurs during ischemia and reperfusion through multiple pathways. We performed 2 separate, parallel, double-blind, placebo-controlled trials to determine the effects of pexelizumab (a novel C5 complement monoclonal antibody fragment) on infarct size in patients receiving reperfusion therapy: COMPlement inhibition in myocardial infarction treated with thromboLYtics (COMPLY) and COMplement inhibition in Myocardial infarction treated with Angioplasty (COMMA). The COMPLY trial is reported here. Methods and Results-Overall, 943 patients with acute ST-segment elevation myocardial infarction (MI) (20% with isolated inferior MI) receiving fibrinolysis were randomly assigned Ͻ6 hours after symptom onset to placebo, pexelizumab 2.0-mg/kg bolus, or pexelizumab 2.0-mg/kg bolus plus 0.05 mg/kg per h for 20 hours. Infarct size determined by creatine kinase-MB area under the curve was the primary analysis, which included patients who received at least some study drug and fibrinolysis (nϭ920). The median infarct size did not differ by treatment (placebo, 5230; bolus, 4952; bolus plus infusion, 5557 [ng/mL] · h; bolus versus placebo, Pϭ0.85; bolus plus infusion versus placebo, Pϭ0.81), nor did the 90-day composite incidence of death, new or worsening congestive heart failure, shock, or stroke (placebo, 18.6%; bolus, 18.4%; bolus plus infusion, 19.7%). Pexelizumab inhibited complement for 4 hours with bolus-only dosing and for 20 to 24 hours with bolus-plus-infusion dosing, with no increase in infections. Conclusions-When used adjunctively with fibrinolysis, pexelizumab blocked complement activity but reduced neither infarct size by creatine kinase-MB assessment nor adverse clinical outcomes.
A series of new fibrinolytic strategies [1] [2] [3] [4] for acute myocardial infarction (MI) studied in recent trials has failed to improve survival. The continuing and significant morbidity and mortality associated with acute MI underscores the need for new therapies to reduce ischemia and reperfusion injury. Recently, the pathogenic role of inflammation has become appreciated. The complement cascade, activated during acute MI, appears to mediate immune and inflammatory responses in ischemic myocardium. [5] [6] [7] Complement activation contributes to myocardial necrosis in ischemia/reperfusion through various pathways, including activating leukocytes and endo-thelial cells; directly damaging cells; and upregulating genes involved in cytokine production, inducible nitric oxide synthase activity, and apoptosis. Accordingly, complement provides a logical therapeutic target.
Pexelizumab is a single-chain fragment of a humanized monoclonal antibody against complement component C5. It specifically binds to C5 with high affinity and prevents cleavage and generation of activated C5a and C5b-9 yet spares the ability to generate C3b, which is critical for opsonizing pathogenic microorganisms and immune complexes. In animals, C5 inhibition has reduced infarct size and apoptosis. 8 In phase II clinical studies, C5 inhibition reduced myocardial enzyme release and improved clinical outcomes in patients undergoing cardiopulmonary bypass surgery 9 (S. Shernan, MD, unpublished data, 2002).
The Complement And ReDuction of INfarct size after Angioplasty or Lytics (CARDINAL) phase II program tested whether pexelizumab would reduce infarct size, assessed by area under the creatine kinase (CK)-MB release curve at 72 hours, and improve composite clinical outcomes in patients with acute ST-segment elevation MI receiving reperfusion therapy with fibrinolytics-the COMPlement inhibition in myocardial infarction treated with thromboLYtics (COMPLY) trial-or angioplastythe COMplement inhibition in Myocardial infarction treated with Angioplasty (COMMA) trial. Here we report the results of COMPLY.
Methods

Patients
Patients were enrolled in 119 centers in 8 countries (Appendix 1). Patients were eligible for recruitment if they were Ն18 years of age, arrived Ͻ6 hours after onset of ischemic discomfort that lasted Ն20 minutes, and had ST-segment elevation Ն2 mm in 2 contiguous leads (V 1 through V 6 ; I and AVL; or II, III, AVF) or new left bundle-branch block. Exclusion criteria included known hematological dysfunction (hemoglobin Ͻ9.5 g/dL, white blood cell count Ͻ3000/mm 3 , neutrophils Ͻ1200/mm 3 , or platelets Ͻ100 000/mm 3 ), known or suspected active neisserial infection, known or suspected hereditary complement deficiency, participation in another investigational drug study or exposure to another investigational agent Ͻ30 days previously, known or suspected pregnancy or breastfeeding or intention of becoming pregnant during the study, previous renal impairment (serum creatinine Ͼ3.0 mg/dL), or evidence of serious active infection. Informed consent was required for participation, and the institutional review board at each site approved the study protocol.
Recruitment
Enrollment proceeded from March 2000 to January 2002. Patients were randomly assigned to treatment by interactive voice randomization, being stratified within each site and by infarct location (isolated inferior MI or noninferior MI according to site investigators). Enrollment of patients with isolated inferior MI was capped at 20% to enroll a high-risk population.
Treatment and Follow-Up
There were 3 study arms: (1) placebo bolus and placebo infusion;
(2) 2.0-mg/kg pexelizumab bolus (known to provide complete C5 inhibition for 4 hours) 10 and placebo infusion for 20 hours; or (3) 2.0-mg/kg pexelizumab bolus and 0.05-mg/kg per h pexelizumab infusion for 20 hours. The bolus was given before or as soon as possible after the start of fibrinolytic therapy. Infusions began 4 hours after the bolus. The choice of fibrinolytic agent was up to the attending physicians (although alteplase was supplied for use in Brazil and Eastern Europe/Russia), as were other medical therapies.
Patients were followed for in-hospital adverse events and clinical end points (Appendix 2). After discharge, patients were seen at 14, 30, and 90 days. A telephone assessment of vital status occurred at 6 months.
Infarct Size Assessment
CK and CK-MB were measured at enrollment (baseline) and 4, 8, 12, 16, 24, 36, 48 , and 72 hours after enrollment. All samples were analyzed at a core laboratory. The primary efficacy variable was infarct size as measured by CK-MB area under the curve (AUC) calculated by the linear-trapezoidal method from data available through 72 hours. 11 If baseline or 72-hour values were missing, the corresponding value was set to 0. For missing values of intermediate time points, linear interpolation was used. The primary population for statistical assessment included all patients who received some study drug and some fibrinolytic therapy. For patients who died Ͻ72 hours after enrollment, the CK-MB AUC was imputed as the largest total CK-MB AUC value in the study. The median (interquartile range) number of CK-MB samples for patients alive through 72 hours was similar between treatment groups (9 [8, 9] placebo; 9 [9, 9] bolus; and 9 [8, 9] bolus plus infusion). Seven or more samples were collected from 93% of placebo patients, 95% of bolus patients, and 92% of bolus-plus-infusion patients. The number of deaths within 72 hours, and therefore the number of patients with imputed infarct size, was similar between groups (14 placebo, 16 bolus, and 14 bolus-plus-infusion).
Pharmacodynamic and Human Anti-Human Antibody Assays
Blood samples for complement hemolytic activity were drawn on all patients at enrollment and 4, 12, 24, 36, 48, and 72 hours after bolus dosing. Assays for IgG and IgM human anti-human antibodies (HAHA) were performed at a central laboratory on samples collected at enrollment (baseline) and 14, 30, and 90 days after enrollment. Greater than 4-fold increases in HAHA samples from baseline were considered positive.
Electrocardiograms
Twelve-lead electrocardiograms were recorded for all patients at enrollment and 90 minutes and 24 hours after enrollment, at discharge or 6 days after enrollment (whichever occurred first), and at 14 and 30 days after enrollment. Electrocardiograms were evaluated at a core laboratory.
Statistical Analysis
The target sample of 900 patients (300 per treatment arm) was based on 80% power to detect a 20% reduction in CK-MB release. Such a sample also would provide Ͼ50% power to detect a onethird reduction in the expected 20% rate of a clinical composite outcome (death, new or worsening heart failure, shock, and disabling stroke at 90 days) in the placebo group, the key secondary end point.
Categorical variables are summarized as percentages, and continuous variables as medians with interquartile ranges. Treatment groups were compared by using stratified log-rank testing or 2-tailed, stratified 2 tests, and nominal P values (unadjusted for multiplicity) are reported. To preserve the 5% error rate with 2 treatment arms, the primary analyses were to be done sequentially, beginning with placebo versus bolus plus infusion. If a significant difference emerged, the difference between placebo and bolus alone then was to be calculated using a closed-test procedure. Kaplan-Meier survival curves were compared by using survival analysis methods.
Subgroups were specified based on geographic region, MI location, age, sex, diabetes status, previous MI, Killip class, fibrinolytic agent used, and race. Logistic regression analysis was performed on the clinical composite to evaluate the effects of potential differences in baseline covariates, including geographic region, MI location, age, sex, diabetes status, previous MI, heart rate, blood pressure, Killip class, and fibrinolytic type.
Results
In all, 943 patients were enrolled (Figure 1) . Baseline characteristics were similar between treatment groups (Table  1) . Study drug was started a median 10 minutes after fibrinolytic therapy. Concomitant medication use was comparable between the groups ( Table 2) .
As anticipated, the pexelizumab bolus and bolus plus infusion almost completely inhibited complement for 4 hours and 20 to 24 hours, respectively ( Figure 2) . Positive responses in the IgG and IgM HAHA were rare (0 of 242 and 1 of 242 placebo, 1 of 223 and 3 of 223 bolus, and 1 of 238 and 9 of 238 bolus-plus-infusion patients, respectively, at 14 days, and 2 of 232 and 2 of 232 placebo, 0 of 223 and 0 of 223 bolus, and 1 of 240 and 0 of 240 bolus-plus-infusion patients at 90 days).
CK-MB AUC
This primary end point did not differ significantly between the groups: placebo, 5230 (2492 to 9054); bolus-only, 4952 (2033 to 8522); bolus-plus-infusion, 5557 (2445 to 9333) [ng/mL] · h; Pϭ0.85 for bolus-only versus placebo; Pϭ0.81 for bolus-plus-infusion versus placebo (Figure 3 ). The 95% CIs corresponded to a small likelihood of a Ͼ8% decrease in median infarct size. Median peak CK-MB levels also did not differ markedly between groups: placebo, 242 (101 to 459); bolus-only, 214 (78 to 412); bolus-plus-infusion, 244 (95 to 433) ng/mL.
Clinical End Points
The incidence of the 90-day composite clinical end point was similar between treatment groups (Table 3 ). Most events occurred early in each group. Somewhat fewer disabling strokes had occurred by 90 days in pexelizumab-treated patients. The proportion of patients with complete (Ͼ70%) ST-segment resolution, results of QRS score analyses, and rates of other clinical events were similar between the treatment groups (Table 4 ).
In subgroup analysis, North Americans (nϭ434) who received bolus-plus-infusion dosing had a nonsignificant reduction in the 90-day composite clinical outcome compared with the placebo group (relative risk [RR], 0.82; 95% CI, 0.49 to 1.38) ( Figure 4 ). Multivariable regression analysis showed no difference in the adjusted and unadjusted 90-day clinical event rates (unadjusted Pϭ0.836; adjusted Pϭ0.51).
Pexelizumab was well tolerated, causing no increase in adverse events. Infectious complications were infrequent. Serious infection was reported in 6 placebo, 4 bolus, and 2 bolus-plus-infusion patients and was most often pneumonia. Left ventricular mechanical complications also were rare (myocardial rupture occurred in 6 placebo patients, 3 bolus patients, and 5 bolus-plus-infusion patients).
Discussion
In this trial, complement inhibition with pexelizumab as an adjunct to fibrinolysis had no measurable effect on the primary end point, infarct size by CK-MB AUC through 72 hours, or on clinical end points through 90 days. Inflammation, measured by markers such as C-reactive protein 12, 13 or leukocytosis, 14 relates to poor outcomes in acute MI. Although inhibiting inflammation with corticosteroids 15, 16 or nonsteroidal inflammatory agents 16 -18 has not been shown to improve outcome and may even impair infarct healing, more targeted antiinflammatory therapies have reduced infarct size in animal models of ischemia and reperfusion. Recently, rhuMAb CD 18, an inhibitor of leukocyte adhesion, failed to improve coronary perfusion measured by Thrombolysis In Myocardial Infarction (TIMI) frame count or reduce infarct size in patients with acute MI. 19 One possibility regarding the treatment failure in humans is that inhibition of one element of the inflammatory cascade is ineffective.
The complement system is a promising therapeutic target because it activates multiple inflammatory processes. Its terminal membrane attack complex is present in animal and human infarcted myocardial tissue. 20 Complement inhibition has reduced infarct size in several animals, including the baboon, 20 pig, 21 and rat. 8 Complement inhibition with C5 antibody also has decreased neutrophil infiltration and apoptosis in rats. 8 In humans, complement inhibition with a C1-inhibitor for 48 hours was well tolerated and associated with lower than expected troponin and CK-MB measurements in 22 patients given streptokinase for acute MI. 22 In a phase II study of pexelizumab in cardiopulmonary bypass surgery, treatment with the same doses used in this study resulted in similar inhibition of complement activity. In a secondary analysis, death and marked CK-MB elevation were significantly reduced with bolus-plus-infusion dosing 9 (S. Shernan, MD, unpublished data, 2002).
Multiple strategies have been used to evaluate myocardial infarct size, and each has its advantages and limitations. Infarct size measured by serial CK-MB assessment correlates with left ventricular failure, 23, 24 presence of Q waves, 25 and mortality, 24 -26 although these findings are debated. Nevertheless, cardiac-enzyme release has been used to show a reduction in infarct size by streptokinase treatment versus placebo, 27 alteplase versus streptokinase, 28 and angioplasty versus streptokinase. 29 Such surrogates are useful for establishing proof of concept for new therapies but have inherent limitations in predicting treatment effect on clinical outcomes. Modulating inflammatory pathways during MI and reperfusion could enhance outcomes in ways not evident from early infarct size measurements.
In this trial, complete enzyme data were available for 90% of patients, and given the distribution of infarct size measurements, we are confident that infarct size was not significantly affected. Moreover, the CK-MB data were consistent with electrocardiographic data, which showed no difference by treatment in either myocardial reperfusion by early ST-segment resolution or infarct size by QRS score.
Pexelizumab was associated with no improvement in the clinical composite of death, shock, heart failure, or disabling stroke. However, the trial was not powered to evaluate clinical outcomes, and there was a clinically relevant reduction in the clinical composite at 90 days with pexelizumab bolus plus infusion compared with placebo (RR, 1.06; 95% CI, 0.77 to 1.47). Active treatment also was associated with a nonsignificant reduction in disabling stroke, compatible with a potential neuroprotective effect noted after bypass surgery in patients given pexelizumab. 9 The trial enrolled a high-risk patient population by limiting patients with isolated inferior MI to 20% overall, and all patients had Ն2 mm ST-segment elevation in 2 contiguous leads. Mortality at 30 days was 8.7% overall, higher than that seen in several contemporary acute MI trials (5.4% to 6.6%). [2] [3] [4] In small trials, baseline imbalances can occur that might affect interpretation of clinical effects, and in COMPLY, the bolus-plus-infusion group did have greater baseline risk, including more advanced age, higher Killip class, and more prior infarction. Even in multivariable modeling, however, the composite event rate was similar between treatment groups. There was no statistically significant interaction of major subgroup with treatment effect of pexelizumab. In North American patients, however, the point estimates for both the clinical composite and mortality at 90 days trended toward improved outcome with pexelizumab bolus plus infusion relative to placebo.
To prevent delays in initiating reperfusion therapy, studydrug administration was allowed to begin after fibrinolysis, which could have reduced pexelizumab's benefits. This effect likely would be attenuated, however, by the lag between the start of pharmacological therapy and actual reperfusion. Pexelizumab treatment also might be more effective with longer treatment. Finally, although complement activity assessed by hemolytic activity was successfully suppressed, additional analyses of pexelizumab's effects on other inflammatory mediators regulated by C5a and C5b-9 might prove valuable.
In conclusion, pexelizumab had no measurable effect on infarct size assessed by CK-MB release or on clinical outcomes when used as an adjunct to fibrinolysis. This novel therapy was well tolerated and was not associated with increased risk of infection or myocardial rupture. 
